. Current efficiency and digital photos of the carbon paper cathodes before and after electrolysis. Fig. S2 . Concentration variations of outlet gas using a SnO2 anode and morphology of cathodic product using gaseous CO2 as carbon source. Fig. S3 . XRD patterns and Raman spectra of different samples. Fig. S4 . X-ray photoelectron spectroscopy spectra of the cathodic product. Fig. S5 . XRD patterns of the obtained cathodic products kept on different conditions, TGA curves, TEM images, and the corresponding elements distribution images of cathodic products obtained at various voltages. Fig. S6 . XRD patterns and FESEM images of metallic Ge obtained from electrolysis of solid GeO2 and its performance as anode materials in LIBs. Fig. S7 . Ge-Ca phase diagram, CV curve of GeO2, and morphology characterizations of cathodic products obtained on various conditions. Fig. S8 . FESEM images of cathodic products obtained using different cathode substrates. Fig. S9 . XRD patterns and the corresponding FESEM images of cathodic product using various anode materials. Fig. S10 . Morphology (FESEM and TEM images) of C-CNTs, the cycling performance of Ge@CNTs and C-CNTs electrodes, and the FESEM images of the electrode after cycling tests. and η CO 2 are the Faraday efficiency for O2 evolution and CO2 generation, respectively; QTotal (C) is the total charge passed during electrolysis; n O 2 and n CO 2 are the total amount (mol) of O2 and CO2, respectively; F (96485 C mol -1 ) is the Faraday's constant; v (150 mL min -1 ) is the flow rate of outlet gas; c O 2 (ppm) and c CO 2 (ppm) are the concentrations of O2 and CO2 in the outlet gas during electrolysis.
The cathodic faraday efficiency for Ge electrodeposition (η Ge ) and CNT formation (η CNT ) is calculated by the following equations
where m Ge (g) and m CNT (g) are the mass of Ge and CNT in the cathode product.
MGe (72.64 g mol -1 ) and MCNT (12 g mol -1 ) are the molar mass of Ge and CNT, respectively. The results clearly show that Ge contents are increased at higher electrolysis voltages.
For TGA results in fig. S5B , carbon combustion (C + O2 = CO2) and Ge oxidation (Ge + O2 = GeO2) occur simultaneously in stage 1. The complete carbon combustion occurs at the end of stage 1, therefore only Ge oxidation happens in stage 2, resulting in the weight gain between 570 -800 ℃. pre-cycles at 50 mA g -1 .
